Abstract: The electronic current transformer (ECT) (especially optical current transformers) contains electronic and optical devices, so it is sensitive to vibration, and the abnormal output of the ECT affected by vibration interference may cause measurement deviations. Base on the National Standard for Electronic Transformer, this paper designs the test system and method of the ECT under the vibration disturbance during the operation of the circuit breaker. The randomly selected optical current transformers were tested, it showed that, under the mechanical coupling vibration of the circuit breaker, the maximum percent of root-mean-square value of each cycle of the secondary output signal is 0.48% of the rated output and the peak value is 0.72%, which can meet the requirement of measurement accuracy. The design of the test system and method is beneficial to improve the inspection level and promote the application of ECTs.
Introduction
With the development of science and technology, it is inevitable that the optical transformer, which is a representative of the electronic transformer, will replace the traditional transformer [1] [2] [3] [4] . The smart substation is an important part of smart grid and the application of electronic transformer is one of the important signs of smart primary equipment in smart substation. The rapid development of smart substation promotes the practical and product work process of electronic transformer. More and more electronic transformers are used in smart substation with the construction of smart grid construction [5] [6] . The performance of electronic transformer is directly related to the operation of intelligent substation, and it even affects the safe operation of smart grid. Therefore, it is necessary to conduct a comprehensive and systematic performance testing for the electronic transformer.
The current electronic transformers standard GB/T 20840.7 and GB/T 20840.8 have largely continued the traditional transformers, and cannot evaluate the electronic transformers performance in a comprehensive, accurate and objective way, especially in the key electronic transformers performance, such as electromagnetic interference, accuracy stability, reliability and vibration interference. The test methods and evaluation standards in the current electronic transformer standard are imperfect, so we need to research on it, and improve the current electronic transformers standard gradually.
Compared with traditional transformers, the electronic transformers have many components, including electronic or optical devices, which is sensitive to vibration. Vibration may cause deformation within the sensor unit, resulting in relative displacement and changes in output. When it is serious, the abnormal output of the electronic transformer affected by vibration interference may cause the malfunction of the protection, and may cause the exceeding error limits of measurement accuracy, threatening the safety of the power grid. To ensure the safe and reliable operation of the power grid, the electronic transformers must have the ability to resist vibration interference, and the type test of the electronic transformer must contain vibration test items.
The Description of Vibration in Current Standard
The Types of Vibrations Electronic transformers not only include primary sensor, primary converter and other primary parts, but also include the secondary parts such as secondary conversion and secondary merging unit. Therefore, the vibration test of the electronic transformer should include the vibration test of the primary part and the secondary part. It was specified in the term 8.13.1 of Standard GB/T 20840.8 that the vibration test of secondary part can be performed in accordance to the environmental testing standards for electrical and electronic products GB / T 2423.10.
The primary components of the electronic transformer will undergo two types of vibration tests during operation: 1) The vibration generated by the wire jitter when a short circuit fault occurs; 2) The vibration caused by the switch (circuit breaker, isolation switch) operation.
For the first type of vibration, it can be tested with the short-time current test or the composite error test according to the term 8. 
The Effect of Vibration on Performance
The effect of vibration on electronic transformers is reflected in two aspects: 1) The direct impact: The electronic transformer generates an erroneous output (or the output is not active) during and after vibration, which causes the protection device working incorrectly and the measurement error exceeding the error limit.
2) The accumulated impact: The accumulation of long-term vibration cause changes in the performance of the electronic transformer, and cause the measurement and protection output exceeding the error limit.
The Selection of Vibration Source and Connection Mode
It is specified in the item 8.13.2 of Standard GB / T 20840.8 that the circuit breaker of the spring mechanism usually produces a strong vibration level, and the test of the electronic transformer on such a circuit breaker can be considered to be effective for other types of circuit breakers. Therefore, the electronic transformer vibration source can choose the spring mechanism of the circuit breaker.
The standard emphasizes that the connection between the circuit breaker and the transformer should reflect the worst situation. It is specified in the item 8.13.3 of standard GB/T 20840.8 that in the short-time current test or composite error test, the electronic current transformer should be rigid connection with the circuit breaker, but in the item 8.13.4.2, it is specified that the electronic transformer should be connected with the circuit breaker through the soft conductor in the circuit breaker operation test. Through the experiments, it is found that the selection of the standard on the connection remains to be discussed.
Standard of the Evaluation
It is specified in the items 8.13.3 and 8.13.4.2 that the square root value of secondary output signal in a cycle by rated frequency after 5ms of the opening operation should be "0" theoretically; in fact, it should not exceed 3 % of the rated secondary output.
Design of Vibration Testing System
This paper mainly studies on the test method and the corresponding evaluation standard of the second type of vibration which experienced by the electronic transformers' primary component.
Test Method
In this paper, we research on the vibration scheme that primary component connected mechanically to circuit breaker, as shown in Figure 1 , the hardware includes: Circuit breakers, contact monitoring circuits, photoelectric conversion circuits, synchronous pulses (PPS), industrial control computers, data acquisition card (NI5922 ), ECT and merging units.
The circuit breaker is connected to the electronic transformer via a conductor, and during the primary mechanical coupling vibration, the external trigger signal is provided by the PPS second pulse. Contact monitoring circuit consists of 5V DC power supply and resistor divider, which was directly added on both ends of the circuit breaker, to determine the opening and closing state of the circuit breaker. ECT and the merger unit are test samples. The industrial personal computer (IPC) completes the synchronous collection of the output of circuit breaker opening and closing state and the electronic current transformer combined unit through the test software, displays two channel waveforms, determines the break point, and calculates the root-mean-square value of each cycle after 5ms. In order to meet the requirements of the vibration level, the circuit breaker is SF6 outdoor porcelain column spring mechanism circuit breaker, the connection wire of circuit breaker and the tested electronic transformer is aluminum busbar with 2 m long, 10 cm wide and 1 cm thick.
The specific test procedure is as follows:
Step 1: Connect the tested electronic transformer to the vibration test system, that is, connect one end of the primary terminal of the tested electronic transformer with one end of the primary terminal of the circuit breaker by wire, and connect the secondary output of the electronic transformer to the vibration test device.
Step 2: If the circuit breaker is in the sub-gate, the circuit breaker will first be closed. If the circuit breaker is in the closing position, the test device sends out the operation instruction to the control switch, to control the circuit breaker to carry on the opening operation to the tested electronic transformer, and the test device records the output waveform of the electronic transformer; after the interval of 1min, the test device sends out the operation instruction to the control switch, to control the circuit breaker to close the electronic transformer, at the same time, the test device records the output waveform of the tested electronic transformer during the operation. Repeat the operation 3 times.
Step 3: The test device sends an operation instruction to the control switch, to control the circuit breaker to perform the operation test in ways of open-close-open (open-300 ms-close-60 ms-open), simulate the fault reclosing operation, at the same time, the test device records output waveform during the operation. Repeat this operation 3 times.
Step 4: Analyze the above results, and then determine if the vibration test is qualified according to the vibration evaluation criteria given below.
Test Analysis Software
The test system analysis software needs to collect the acquisition card voltage signal and the merging unit data at the same time, which were then correlated and calculated. The acquisition card signal is the amount of information in circuit breaker stage, the merging unit data is the secondary output signal of the electronic transformer. Test software workflow is shown in Figure 2 .
Therefore, taking waveform display intuitive and interface operability into account, the test system uses Labview development software, and uses NI's acquisition card PCI 5922 as the circuit breaker state information collection port. Analyze the two signals simultaneously and display the waveform, calculate the root mean value and the peak. 
Evaluation Standard
The standard requirements require square root value, and we add the requirement of the peak limit, which should meet the following two conditions to be judged as vibration test qualified. 1) 5 ms later after the last operation of the circuit breaker, the average value of the secondary output signal of the tested electronic transformers in each cycle does not exceed 3% of the rated secondary output.
2) 5 ms later after the last operation of the circuit breaker, the maximum peak value of the secondary output signal of the tested electronic transformer does not exceed 10% of the rated secondary output.
The Results of the Vibration Test
Three optical current transformers (OCTs) were randomly selected as the tested electronic transformer, which were connected to the vibration test system, and tested according to the vibration test scheme designed in this paper.
The test device analyzes the output waveform of the three OCTs recorded 5ms later after the end of the last operation of the circuit breaker. One of the OCT secondary output waveforms is as shown in Fig. 3 . And the test results are as shown in Table 1 .
The results show that the three randomly sampled OCTs are obviously effected by the mechanical coupling vibration of the circuit breaker, but the output data all meet the standard requirements, that is, 5ms later after the end of the last operation of the circuit breaker, the root-mean-square value of the secondary output in each cycle is 0.48% of the rated output, and the peak value is 0.72%, so it is determined that the vibration tests of the three OCTs were qualified. In the table, the 'P' means the maximum percent of peak value of the secondary rated output, and the 'R' means the maximum percent of root-mean-square value in each cycle of the secondary rated output.
In Conclusions
In this paper, the vibration test system and method is designed by means of the opening and closing operation of the spring mechanism circuit breaker with strong vibration level to simulate the vibration caused by the switching operation. According to the secondary output signal of ECT, we can assess the anti-vibration performance of the ECT.
1) The vibration test system and method can simulate the strongest operation vibration caused by the switch operation, equivalent to the level of vibration that ECT can withstand. It can assess the performance of ECT in vibration conditions effectively.
2) By the tests of three selected OCTs, the results show that when the OCT is under mechanical vibration of the circuit breaker, the maximum percent of root-mean-square value in each cycle is 0.48% of the rated secondary output, and the peak is 0.72%, which can meet the requirement of the accuracy of measurement under primary operating vibration condition of the substation.
